Abstract: B7-H3 (CD276), a member of the family of immune modulators, orchestrates antitumor immunity. To date, only small-sized studies have examined the association of B7-H3 expression with survival in pancreatic cancer, yielding inconclusive results. We evaluated tumor B7-H3 expression in 150 consecutive patients with pancreatic ductal adenocarcinoma using immunohistochemistry. B7-H3 expression was positive (≥10% tumor cells) in 99 of 150 (66%) cases of pancreatic cancer. We classified the tumors into four groups depending on B7-H3 expression (negative, low, intermediate, and high) and found that higher B7-H3 expression was independently associated with lower disease-free survival (DFS; for high vs. negative B7-H3 expression: multivariable hazard ratio (HR) = 3.12; 95% confidence interval (CI) = 1.48-6.15; P trend = 0.0026). Furthermore, the association of B7-H3 expression with survival differed according to the pathological stage (p-stage) (P interaction = 0.048, between p-stages I-II and III-IV). The association of B7-H3 positivity with lower DFS was stronger in tumors with p-stage I-II (multivariable HR = 3.10, 95% CI = 1.75-5.69; P < 0.0001) than in those with p-stage III-IV (multivariable HR = 1.20, 95% CI = 0.67-2.28; P = 0.55). We demonstrated that tumor high B7-H3 expression is independently associated with poor survival in patients with pancreatic cancer and that this association is stronger in tumors with p-stage I-II than in those with p-stage III-IV. B7-H3 expression may be a useful prognostic biomarker for identifying aggressive early-stage pancreatic cancer.
Introduction
Pancreatic cancer is one of the most life-threatening malignancies, with the highest mortality among all solid tumors [1, 2] . It is characterized by an abundant stromal component that comprises up to 90% of its total volume [2] [3] [4] [5] [6] [7] [8] [9] [10] . The tumor stroma contains a highly immunosuppressive microenvironment resulting from the crosstalk between tumor and immune cells, which promotes oncogenesis and tumor progression [2] [3] [4] [5] [6] [7] [8] [9] [10] . Emerging immunotherapies, including anti-PD-1 (PDCD1)/PD-L1 (CD274) antibodies, have been used effectively to treat several types of cancers, including non-small-cell lung cancer (NSCLC) and malignant melanoma [11, 12] ; however, these therapies lack efficacy in treating pancreatic cancers, partly due to their abundant stroma with 2 of 15 an immunosuppressive microenvironment [2] [3] [4] [5] [6] [7] [8] [9] [10] [13] [14] [15] [16] [17] [18] . To improve the outcomes in patients with pancreatic cancer, it is critical to identify the mechanisms underlying the tumor microenvironment as well as new molecular targets for the development of effective strategies against this fatal cancer type [2] [3] [4] [5] [6] [7] [8] [9] [10] .
B7-H3 (CD276) belongs to a family of immune modulators that also includes PD-L1 (also known as B7-H1) [19] [20] [21] . Recent evidence demonstrates that B7-H3 blockade, especially when combined with an anti-PD-1 blockade, is a promising strategy for the treatment of B7-H3-expressing NSCLCs that are refractory to anti-PD-1 therapy [22] , making B7-H3 a promising molecular target [22] [23] [24] [25] [26] [27] [28] . However, the association of B7-H3 expression with survival in patients with pancreatic cancer remains elusive. Several reports have examined this association, but the sample sizes were small and the results were inconclusive [29] [30] [31] [32] [33] [34] [35] . In addition, no study has examined whether the association of B7-H3 expression with survival differs according to clinicopathological variables in pancreatic cancer.
Therefore, we aimed to examine the association of B7-H3 expression with survival in pancreatic cancer using 150 consecutive pancreatic cancer cases. Furthermore, we examined whether the association of B7-H3 expression with patient mortality differed according to clinicopathological variables.
Materials and Methods

Patients
We enrolled 150 consecutive cases of pancreatic ductal adenocarcinoma based on the availability of the tumor B7-H3 expression status, survival and recurrence. The patients were Japanese and had undergone tumor resection between March 2005 and December 2011 at The Cancer Institute Hospital, Japanese Foundation for Cancer Research (JFCR), Tokyo, Japan. We excluded patients who underwent preoperative therapy. We monitored the patients until death or December 2016. All patients were pathologically staged according to the 8 th edition of the AJCC staging system [36] . T4 was defined as tumors with the radiologically confirmed abutment of celiac artery, common hepatic artery, or superior mesenteric artery at the preoperative multidisciplinary team conference because T4 cannot be determined only by pathological findings. All patients included in this study provided informed consent for research, and the study plan was approved by the institutional review board of JFCR.
B7-H3 Immunohistochemistry
B7-H3 expression was immunohistochemically evaluated in cancer cells using tissue microarrays (TMAs). Using archived surgically resected specimens which had been used for the initial pathological diagnosis of primary pancreatic cancer, we constructed TMAs as previously described [37] . Briefly, we punched selected regions of the donor paraffin blocks with a coring needle of 2-mm diameter and transferred the material to the array in the recipient block using a manual tissue arrayer (KIN-1; Azumaya, Tokyo, Japan). For each tumor, an experienced pathologist (Y.T.) selected areas from the tumor center and periphery based on spatial heterogeneity. B7-H3 immunostaining was performed as previously described [38] . Briefly, 4-µm thick sections were immunohistochemically stained for B7-H3 with an anti-B7-H3 mouse monoclonal antibody (1:400; clone: BD/5A11; Daiichi Sankyo Co., Ltd., Tokyo, Japan) using the Leica Bond III automated system (Leica Biosystems Melbourne Pvt., Ltd., Melbourne, Australia). The sections were incubated at pH 9 for 10 min at 100 • C. For positive and negative controls, we used a B7 subfamily cell array (Daiichi Sankyo Co., Ltd.), consisting of CHO-K1 cells overexpressing the B7 subfamily members as previously described [39] . The CHO-K1 cells, which transiently overexpressed B7-H1, B7-H2, B7-H3, B7-H4, B7-1 or B7-2, and mock-transfected control cells, were fixed in 10% neutral-buffered formalin and paraffin embedded to obtain cell block arrays. Using the B7 subfamily cell array, we also verified the specificity and sensitivity of the anti-B7-H3 antibody (clone: BD/5A11).
Expression levels of B7-H3 (B7-H3 intensity) in cancer cell membranes were defined as 0 (absent), 1 (weak), 2 (intermediate), or 3 (strong), as shown in Figure 1 . Because B7-H3 expression was also observed in stromal cells, we evaluated B7-H3 expression only in tumor cells. The percentage of tumor cells at each B7-H3 intensity was evaluated. Based on the staining intensity and percentage of positive tumor cells, we divided the specimens into two groups: B7-H3-negative (intensity 1 or more <10%) and -positive (intensity 1 or more ≥10%) groups. Furthermore, we classified the B7-H3-positive group into three subgroups: B7-H3 low (intensity 1 or more ≥10% and intensity 2 or more <10%), intermediate (intensity 2 or more ≥10% and intensity 3 <10%), and high (intensity 3 ≥10%) groups. The expression of B7-H3 was interpreted by an experienced pathologist (K.I.) who was blinded to the data. All the samples were blindly examined by a second pathologist (Y.Y.). The agreement between the two pathologists for B7-H3 expression in tumor membranes was good, with a kappa of 0.78 (P < 0.0001) for the two groups and weighted kappa of 0.78 (P < 0.0001) for the four subgroups, indicating substantial agreement.
Statistical Analysis
All statistical analyses were conducted using JMP 12 software (SAS Institute Inc., Cary, NC, USA). All P values were two-sided. We considered P < 0.05 as statistically significant. P values were interpreted very cautiously by considering multiple hypothesis testing. The kappa coefficient was calculated to assess the level of agreement between the two pathologists regarding the results of the immunohistochemical analyses. To investigate the associations of tumor B7-H3 positivity with different clinicopathological factors, we performed the chi-square test. The survival duration was defined as the interval between the date of surgery and the last follow-up or death. For survival analysis, the Kaplan-Meier method was used to assess the survival time distribution according to B7-H3 expression status, whereas the log-rank test was used to test any significant deviation from the null hypothesis. For analyses of disease-free survival (DFS), deaths resulting from other causes were censored. We used univariable and multivariable Cox proportional hazards regression models to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) for mortality according to the B7-H3 expression status. The multivariable model initially included age (≤65 vs. >65 years), sex (male vs. female), body-mass index (<25 vs. ≥25 kg/m 2 ), preoperative CEA levels (≤5 vs. >5 ng/mL), preoperative CA19-9 levels (<500 vs. ≥500 U/mL), tumor location (head vs. body/tail), pathological stage (p-stage) (I-II vs. III-IV)., and adjuvant chemotherapy (present vs. absent). A backward stepwise elimination with P equal to 0.20 as the threshold was performed to select variables for the final model. P values for interaction between tumor B7-H3 positivity and different clinicopathological factors were assessed using the Wald test on the cross-product of B7-H3 expression (negative vs. positive) and stratification valuable in the Cox model. We confirmed the proportionality of hazards assumption using the graphs of the log[−log(survival probability)] vs. log of survival time to visually assess whether the lines were approximately parallel.
Results
Tumor B7-H3 Expression in Pancreatic Cancer
Of the 150 pancreatic cancer cases, 99 (66%) were B7-H3-positive ( Figure 1 ). The classification of tumors based on B7-H3 expression level revealed that the B7-H3 negative, low, intermediate, and high groups comprised 51 (34%), 67 (45%), 20 (13%), and 12 (8%) cases, respectively. The clinicopathological characteristics of the pancreatic cancer cases are summarized in Table 1 . B7-H3 positivity was not associated with any variables examined (P ≥ 0.11). 
B7-H3 Expression Status and Survival in Patients with Pancreatic Cancer
Among the 150 patients, there were 127 deaths, including 122 disease-specific deaths, during a median follow-up period of 20 months (interquartile range: 11-38 months). The 2-/5-year DFS and overall survival were 23%/14% and 42%/15%, respectively.
We assessed the association of B7-H3 negativity or positivity with DFS and overall survival. In the Kaplan-Meier analysis, the 2-/5-year DFS was 38%/23% in patients with B7-H3-negative tumors and 15%/8% in patients with B7-H3-positive tumors (log-rank P = 0.0005; Figure 2A ). The 2-/5-year overall survival was 57%/23% in patients with B7-H3-negative tumors and 34%/12% in patients with B7-H3-positive tumors (log-rank P = 0.0072; Figure 2C ). In the multivariable Cox regression analysis, compared with B7-H3-negative tumors, B7-H3-positive tumors were associated with lower DFS (multivariable HR = 1.99, 95% CI = 1.32−3.06; P = 0.0009) and lower overall survival (multivariable HR = 1.69, 95% CI = 1.13−2.57; P = 0.011; Table 2 ).
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We assessed the association of B7-H3 negativity or positivity with DFS and overall survival. In the Kaplan-Meier analysis, the 2-/5-year DFS was 38%/23% in patients with B7-H3-negative tumors and 15%/8% in patients with B7-H3-positive tumors (log-rank P = 0.0005; Figure 2A ). The 2-/5-year overall survival was 57%/23% in patients with B7-H3-negative tumors and 34%/12% in patients with B7-H3-positive tumors (log-rank P = 0.0072; Figure 2C ). In the multivariable Cox regression analysis, compared with B7-H3-negative tumors, B7-H3-positive tumors were associated with lower DFS (multivariable HR = 1.99, 95% CI = 1.32−3.06; P = 0.0009) and lower overall survival (multivariable HR = 1.69, 95% CI = 1.13−2.57; P = 0.011; Table 2 ). 1.00 * Cox proportional hazards regression models were used to calculate the HR and 95% CI. ** The multivariable model initially included age (≤65 vs. >65 years), sex (male vs. female), body-mass index (<25 vs. ≥25 kg/m 2 ), preoperative CEA levels (≤5 vs. >5 ng/mL), preoperative CA19-9 levels (<500 vs. ≥500 U/mL), tumor location (head vs. body/tail), pathological stage (I−II vs. III−IV), and adjuvant chemotherapy (present vs. absent). A backward stepwise elimination with P equal to 0.20 as the threshold was performed to select variables for the final model. CI, confidence interval; HR, hazard ratio.
Next, we examined the association of B7-H3 expression levels (negative, low, intermediate, or high) with DFS and overall survival. In the Kaplan-Meier analysis, the 2-year DFS was 38%, 18%, 15%, and 0% in patients with tumors expressing negative, low, intermediate, and high B7-H3 levels, respectively (log-rank P = 0.0014; Figure 2B ). The 2-year overall survival was 57%, 33%, 45%, and 25% in patients with tumors expressing negative, low, intermediate, and high B7-H3 levels, respectively (log-rank P = 0.033; Figure 2D ). In more detail, even for patients with low expression of B7-H3 in tumor cells, the survival curve was obviously under the patients with negative expression. In the multivariable Cox regression analysis, higher B7-H3 expression was independently associated with lower DFS (comparing high vs. negative: multivariable HR = 3.12; 95% CI = 1.48-6.15; P for trend = 0.0026; Table 3 ), whereas tumors with higher B7-H3 expression appeared to be associated with lower overall survival (comparing high vs. negative: multivariable HR = 2.21; 95% CI = 1.06−4.28; P for trend = 0.055).
Effects of Clinicopathological Variables on B7-H3 Expression and Survival
As our secondary analysis, we examined whether the association of B7-H3 expression with survival was modified by clinicopathological variables (Table 4) . We found that the tumor p-stage affected the association between B7-H3 expression and clinical outcome (Table 4 ). In tumors with p-stage I or II, B7-H3 tumor positivity was associated with lower DFS (log-rank P = 0.0002; Figure 3A ) and lower overall survival (log-rank P = 0.0018; Figure 3C ), whereas in tumors with p-stage III or IV, B7-H3 expression was not associated with DFS (log-rank P = 0.53; Figure 3B ) or overall survival (log-rank P = 0.96; Figure 3D ). In the multivariable analysis, tumor p-stage affected the association between B7-H3 expression and survival (P for interaction = 0.048 for DFS and P for interaction = 0.033 for overall survival; Table 4 ). Among tumors with p-stage I or II, B7-H3 positivity was associated with lower DFS (multivariable HR = 3.10, 95% CI = 1.75-5.69; P < 0.0001) and lower overall survival (multivariable HR = 2.59, 95% CI = 1.49−4.67; P = 0.0007), whereas in tumors with p-stage III or IV, B7-H3 positivity was not associated with DFS (multivariable HR = 1.20, 95% CI = 0.67−2.28; P = 0.55) and overall survival (multivariable HR = 1.03, 95% CI = 0.58−1.88; P = 0.93). 
Discussion
We conducted this study to examine the association of tumor B7-H3 expression with clinical outcomes in patients with pancreatic cancer. B7-H3 is a member of the family of immune modulators [19] [20] [21] ; however, its role in the modulation of the tumor microenvironment has not been fully elucidated. Although several studies have examined the association of B7-H3 expression with survival in pancreatic cancer, the results were inconclusive [29] [30] [31] [32] [33] [34] [35] . In this study, using 150 consecutive cases of pancreatic ductal adenocarcinoma, we demonstrated that tumor B7-H3 expression is associated with lower survival and that this association is pronounced in tumors of pstages I and II. Interestingly, this study suggests a potential role of B7-H3 expression in tumor progression, particularly during the early stages of pancreatic cancer.
Pancreatic ductal adenocarcinoma is a disruptive malignancy and is highly refractory to general therapies [1, 2] ; furthermore, it is often lethal. Its aggressiveness partially depends on the extent of cancer-associated inflammation in its abundant stroma, which accounts for >90% of the tumor mass [2] [3] [4] [5] [6] [7] [8] [9] [10] . A marked infiltration of immunosuppressive inflammatory cells into the tumor stroma is considered an early and consistent event in oncogenesis and tumor progression [2] [3] [4] [5] [6] [7] [8] [9] [10] . From the early stages of tumor initiation, immunosuppressive regulatory T lymphocytes and Gr1 + CD11b + myeloidderived suppressor cells are recruited to the tumor stroma, restraining the T-cell-mediated antitumor immunity [40] . The pancreatic tumor microenvironment restricts immune surveillance and promotes tumorigenesis via a crosstalk between tumor and immune cells [2, 4] . Emerging evidence indicates that existing immune checkpoint inhibitors, such as anti-PD-1, anti-PD-L1, and anti-CTLA4 
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Pancreatic ductal adenocarcinoma is a disruptive malignancy and is highly refractory to general therapies [1, 2] ; furthermore, it is often lethal. Its aggressiveness partially depends on the extent of cancer-associated inflammation in its abundant stroma, which accounts for >90% of the tumor mass [2] [3] [4] [5] [6] [7] [8] [9] [10] . A marked infiltration of immunosuppressive inflammatory cells into the tumor stroma is considered an early and consistent event in oncogenesis and tumor progression [2] [3] [4] [5] [6] [7] [8] [9] [10] . From the early stages of tumor initiation, immunosuppressive regulatory T lymphocytes and Gr1 + CD11b + myeloid-derived suppressor cells are recruited to the tumor stroma, restraining the T-cell-mediated antitumor immunity [40] . The pancreatic tumor microenvironment restricts immune surveillance and promotes tumorigenesis via a crosstalk between tumor and immune cells [2, 4] . Emerging evidence indicates that existing immune checkpoint inhibitors, such as anti-PD-1, anti-PD-L1, and anti-CTLA4 antibodies, can be effective monotherapies for immune-sensitive cancers, including NSCLC and malignant melanoma [11, 12] , but they lack efficacy in the case of pancreatic cancers [2] [3] [4] [5] [6] [7] [8] [9] [10] [13] [14] [15] [16] [17] [18] . The highly immunosuppressive pancreatic tumor microenvironment is the major reason owing to which this cancer is resistant to immunotherapies [14] [15] [16] [17] . In an era of rapidly evolving immunotherapies, it is critical to identify new molecular targets for the development of effective immunotherapies against the devastating pancreatic cancer [2] [3] [4] [5] [6] [7] [8] [9] [10] .
B7-H3 belongs to the B7 superfamily of type I transmembrane proteins that includes PD-L1 (B7-H1) [19] [20] [21] . Accumulating evidence demonstrates that B7-H3 orchestrates antitumor immunity by providing co-stimulatory and co-inhibitory signals in the context of different cancers [19] [20] [21] 41] . Recently, immunotherapies have emerged as promising therapeutic strategies against various malignancies; however, most pancreatic cancers are refractory to immune checkpoint inhibitors, possibly because of their highly immunosuppressive microenvironment [14] [15] [16] [17] . Recent evidence demonstrates that B7-H3-expressing NSCLC escapes antitumor immunity via CD8 + T-cell repression despite anti-PD-1 immunotherapy and that B7-H3 blockade, especially in combination with the PD-1 blockade, exhibits potent antitumor efficacy mediated by increased number of tumor-specific CD8 + T cells [22] . This study represented a novel and promising therapeutic strategy against B7-H3-expressing tumors [22] [23] [24] [25] [26] [27] [28] .
Several studies have reported the association of tumor B7-H3 expression with survival in pancreatic cancer; however, the sample sizes were small and the results were inconclusive [29] [30] [31] [32] [33] [34] [35] . Varying results may be a result of limited sample sizes. To the best of our knowledge, our study employed the largest sample size of pancreatic cancer to examine the association of B7-H3 expression with patient mortality. There has been no standardized method to evaluate B7-H3 expression immunohistochemically, which may result in conflicting results of studies on B7-H3 expression. As a validation of the anti-B7-H3 antibody (clone: BD/5A11) used in this study, we confirmed its specificity and sensitivity by using a B7 subfamily cell array that comprises the B7 subfamily (PD-L1 (B7-H1), PD-L2 (B7-DC), B7-H2, B7-H3, B7-H4, B7-1, and B7-2)-overexpressing CHO-K1 cells and mock-transfected control cells. Using the largest sample size and validating B7-H3 immunohistochemistry, our study demonstrated that higher expression of tumor B7-H3 is independently associated with inferior mortality in pancreatic cancer.
No study has examined whether the association of B7-H3 expression with survival differs according to clinicopathological variables. Although both preoperative levels of CA19-9 and adjuvant chemotherapy were independently associated with patient survival, the association of B7-H3 expression with survival did not differ according to their status (data not shown). Interestingly, we have shown that the prognostic association differed according to p-stage. Indeed, the prognostic association was significantly stronger in tumors with p-stage I−II than those with p-stage III−IV. This finding suggests that B7-H3 expression may be a useful prognostic biomarker for identifying aggressive early-stage pancreatic cancer.
We recognize limitations of the current study. First, the observational nature of this study does not allow the determination of causal relationships between high tumor B7-H3 expression and low survival, especially in tumors with p-stages I and II. Nonetheless, experimental evidence suggests a causal association of tumor B7-H3 expression with tumor progression and aggressiveness in pancreatic cancers [29, 31, 42] . Second, we used TMAs to assess tumor B7-H3 expression. Because of intratumor heterogeneity, a subset of tumors with heterogeneous B7-H3 positivity may have been scored as negative in TMAs. However, this potential misclassification of tumors due to heterogeneity would be expected to be distributed nearly at random, and hence, would most likely have yielded null results. Despite this limitation, we were able to demonstrate the significant association of B7-H3 expression with survival. Third, we evaluated B7-H3 expression only in tumor cells. We also observed B7-H3 expression in stromal cells and substantial differences of stromal B7-H3 expression among cases; however, we evaluated tumor B7-H3 expression without considering stromal expression. It is possible that B7-H3 expression in stromal cells or a combination of tumor and stromal cells might also have a biological or prognostic significance [43, 44] . Finally, the findings of this study may not be generalizable because we only enrolled Japanese patients from a single hospital. However, to the best of our knowledge, the sample size of the current study is the largest among the studies that have examined the association of B7-H3 expression with survival in pancreatic cancer. Nonetheless, given a growing interest in racial disparity, additional studies with other races and with larger sample size are warranted to confirm our findings.
In conclusion, we demonstrated that high tumor B7-H3 expression is associated with high mortality in patients with pancreatic cancer and that this association is pronounced during the early stages. Additional studies are needed to confirm our findings and to examine the signaling pathways involved and potential for interventions targeting B7-H3 in patients with early-stage pancreatic cancer. Funding: This study was financially supported by Daiichi Sankyo Co., Ltd.
